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COLONEL RICHARD M. MULLANE 


ave you ever found yourself sitting in a cockpit on a clear, 

starry night, wondering what it would be like to be ‘‘up 
there looking down at the earth?”’ Well, our Nav of Note can 
answer that question and many others like it. For on August 
30, 1984, Colonel Richard M. ‘‘Mike’’ Mullane launched into 
space as a crew member aboard the space shuttle, Discovery. 
Colonel Mullane added another page to the history books when 
he became the first navigator to fly in space. 

During an interview from his office at the Lyndon B. Johnson 
Space Center in Houston, he was asked if he had always 
dreamed of becoming an astronaut. Colonel Mullane replied, 
“Not really. When | was growing up and during my early Air 
Force days, only pilots could apply for the space program. | 
never thought | would have the opportunity to become an 
astronaut. | guess | was lucky and in the right place at the right 
time.’’ Being lucky may have helped, but Colonel Mullane’s hard 
work and solid background got him where he is today—a veteran 
astronaut. 

Colonel Mullane’s interest in science and rocketry goes back 
many years to 1957 and the launch of Sputnik. He became 
fascinated with rockets and subsequently joined the Albuquer- 
que Rocket Club. ‘‘My interest was more than just a casual hob- 
by,’’ stated Colonel Mullane. He successfully entered many 
science fairs with exhibits of his rockets. After graduation from 
St Pius X Catholic High School in Albuquerque, New Mexico 
in 1963, his active experimentation with rockets was put on 
hold while he attended the United States Military Academy at 
West Point, New York. 


NOTE 


in 1967, after receiving his Bachelor of Science degree in 
Military Engineering, Colone! Mullane was commissioned a 
second lieutenant in the United States Air Force with an assign- 
ment to Undergraduate Navigator Training at Mather Air Force 
Base, California. His outstanding performance resulted in his 
being named both a Distinguished Graduate and the recipient 
of the ATC Commander’s Trophy. With ‘‘afterburners blazing,”’ 
Colonel Mullane left Mather for training in the RF-4C. When 
asked how he liked flying the RF-4, he responded, ‘‘After the 
T-29 at Mather, it was the thrill of a lifetime. | wanted to be 
the best weapon systems officer flying that airplane."’ After com- 
pleting upgrade training, he got the opportunity to demonstrate 
his capabilities in 1969 when he found himself at Tan Son Nhut 
Air Base, Vietnam. ‘‘The flying was intensely challenging, but 
there was a tremendous amount of gratification and job satisfac- 
tion in successfully completing a sortie.’’ 





After logging 150 combat missions, Colonel Mullane was off 
to Royal Air Force Base, Alconbury, England, remaining in the 
RF-4C. When asked about the assignment, Colonel Mullane 
replied, ‘‘Returning to peacetime operations was quite an ad- 
justment. There is no comparison between peacetime 
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operations and combat theater operations. But everyone should 
remember what our mission really is; then work hard to prepare 
for the worst and hope we won't have to use our skills.’’ 

While at Alconbury, Colonel Mullane applied for and was ac- 
cepted by the Air Force Institute of Technology. He was award- 
ed a Master of Science degree in Aeronautical Engineering in 
1975. Colonel Mullane was next accepted into the USAF Test 
Pilot School's Flight Test Engineer Course at Edwards AFB, 
California. This course allowed him to combine practical flying 
experience with the academic knowledge he had acquired. 

At this point in his career, Colonel Mullane was totally im- 
mersed in Air Force flying. One month prior to his graduation 
from Test Pilot School, NASA announced they would select non- 
pilots to fly as mission specialists in the Space Shuttle program. 
“That night, Brigadier General Tom Stafiord, then assigned to 
Edwards, met with those of us in the class who were interested 
in NASA. He filled us in on what to expect and | applied as soon 
as NASA opened the application process in late 1976. The Air 
Force board met nine months later.”’ 

While waiting out the application process, Colonel Mullane 
put his recently acquired expertise to use at the 3246th Test 
Wing, Eglin AFB, Florida, as a flight test weapon systems of- 
ficer. ‘“‘While at Eglin | received notification that | had been 
selected as an astronaut candidate in January 1978.’ In August 
1979, Colonel Mullane completed a one-year training and evalua- 
tion period that made him eligible for assignment as a mission 
specialist on future Space Shuttle flight crews. 

After four long years of watching others go before him, 
Colonel Mullane finally received his assignment in February 
1983. He was to be a mission specialist aboard STS 41-D. So on 
30 August 1984, Colonel Mike Mullane launched from Kennedy 
Space Center, Florida, aboard the orbiter Discovery (also on 
her maiden flight). He was accompanied by spacecraft com- 
mander Hank Hartsfield, pilot Mike Coats, fellow mission 
specialists Judy Resnik and Steve Hawley, and payload specialist 
Charlie Walker. After completing 96 orbits of the earth, the 
Discovery landed at Edwards AFB on 5 September 1984. The 
crew had logged 144 hours and 57 minutes in space. 

Returning to Mather to make a special presentation to the 
323d Flying Training Wing of a few items he had carried into 
space, Colonel Mullane said, ‘‘] may have been the first navigator 
into space, but | don’t have to be the last. I’m here to tell you 
being an astronaut doesn’t have to be just a dream! It takes 
hard work and perseverance, but becoming an astronaut is not 
an impossible goal. Don’t accept the label ‘just a nav.’ There 
is a place in space for the navigator who is willing to put forth 
the effort. At NASA, it doesn’t matter what kind of wings you 
wear. Their only concern is whether you can do the job. A 
positive attitude is a must.’’ 

Colonel Mullane now is awaiting assignment to a second shut- 
tle mission. With the current schedule of launches, he anticipates 
his next mission will be late this year. We know he'll be ready 
and we’ll be watching and pulling for him. ~~ 
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th your help, we’re getting better. THE 
NAVIGATOR has received a slight, but 
noticeable increase in the number of articles 
submitted from the field and I hope they are on 
the rise. The more articles we receive, the more 
variety and higher quality we will see in the 
magazine. 

Here’s an example of what I’m talking about. 
Every time you fly, you come away from each 
flight knowing what you need to do better next 
time, i.e., with ‘lessons learned!’’ This is 
especially true on those flights where you ex- 
perience an in-flight emergency or do 
something you wouldn't have if a flight ex- 
aminer had been there. Sharp aircrews make 
mistakes too and you are the ones I want “‘the 
untold story” from. If there’s one navigator out 
there who doesn’t attempt to re-learn by his 
own experience what you've already figured out 
and related to him in THE NAVIGATOR, then 
you’ve made a genuine contribution. 

This same example is germane to you field 
grade officers holding non-flying positions. 
Your job might be just the one a senior captain 
is looking for as soon as he gets his first assign- 
ment out of the cockpit, but he doesn’t have any 
idea your job exists, much less what your 
responsibilities are. Additionally, you each 
have a unique career from which to draw your 
conclusions and perspectives. How about ap- 
plying them in a NAVIGATOR article? For each 
of us there are things we would have done dif- 
ferently, could have done better and should 
have talked about more. It’s that last point, 
‘“‘should have talked about more,”’ that’s my 
point of emphasis! 

This magazine exists solely to afford our 
readership insight and information normally 
unavailable to navigators. So, be it operational 
experience/procedures/techniques, new or pro- 
posed navigation methods/equipment, or career 
development/leadership/management perspec- 
tives, if you think it’s important, then we 
should see it in YOUR magazine, THE 
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THE NAVIGATOR is published triannuaily with funds 
approved by Headquarters, United States Air Force. 
Officially known as Air Force Recurring Periodical 50-3 
the magazine is distributed through the Air Force 
Publication Distribution Center in accordance with Air 
Force regulations. 

Manuscript contributions are welcomed as are 
comments and criticisms. Contact the Editor at the 
address below or at (916) 364-2138 or AUTOVON 


magazine, 323 FTW/PS, Mather AFB CA 95655. Address 
subscriptions to Superintendent of Documents, 
Government Printing Office, Washington, DC 20402; 
yearly $8.50 domestic, $10.65 foreign; single copy 
$3.75 domestic, $4.70 foreign. 
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The Space Shuttle Discovery, depicted here . 


shortly after liftoff on her maiden flight, carried 
the first navigator astronaut into space 
Colonel Mike Mullane, who is also our Naw of 


Note, reviews his historic flight and years-long 
pursuit of this career highlight in this issue's lead 


article, ‘Flying the Shuttle 
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Colonel Richard M. MULLANE 
NASA/Johnson Space Center 
Houston, TX 


he simulator had done a superb job of 

preparing us for the mission, but, as with 
any simulation, it had its limits. The feeling of 
one million pounds of thrust coming to life 100 
ft behind your back cannot be adequately 
simulated nor properly described. The vehicle 
is held to the pad while four computers check 
the health of the three liquid-fueled engines. 
Fortunately, this time, 30 August 1984, there 
are no engine anomalies. Our launch attempt 
two months earlier was aborted four seconds 
prior to liftoff because of an engine valve 
malfunction. 

At solid rocket booster (SRB) ignition there is 
no doubt about the fact you are leaving this 
planet. The vibrations increase significantly as 
the combined seven million pounds of thrust 
rapidly lift us clear of the gantry. During the 
next two minutes Discovery’s solid-fueled 
engines will consume fuel at the rate of 10 tons 
per second. Some afterburner! 

As a crew, we are in a monitor mode for the 
Shuttle ascent. If all goes well, only one switch 
action (which changes the function of the ADI) 
will occur during the 842 minutes it takes to 


FLYING © 
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reach 80 nm altitude and 25,670 ft per second 
velocity. As we have done in over 400 simula- 
tions in the previous 18 months, we will 
monitor the ascent and intervene only if 
problems occur. 

As Mission Specialist 1 (MS1) I’m sitting on 
the right side of the cockpit directly behind the 
pilot, Navy Cdr Mike Coats. To my immediate 
left is Steve Hawley, MS2, a civilian 
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astrophysicist. Between us we carry the 
detailed checklist procedures to be invoked if 
any malfunction occurs. We are much more 
than librarians, however. Ascent events are so 
time critical and the vehicle is so complicated 
that we have trained with the pilots in or- 
chestrating the response to any Shuttle prob- 
lem with little or no reference to the malfunc- 
tion checklists. The Commander, Hank 
Hartsfield, a retired USAF colonel and former 
F-105 driver, sits in the forward left seat. In the 
mid-deck beneath our feet sit the other two 
crew members: Judy Resnik, MS3, an electrical 
engineer, and Charlie Walker, a McDonnell 
Douglas employee, flying as a passenger to 
operate his company’s pharmaceutical 
manufacturing experiment. 

In just 18,000 ft of vertical travel our 442 
million Ib machine is already supersonic. By 
SRB burnout at two minutes into the flight, we 
are well above the atmosphere and the ride 
becomes extremely smooth. In fact, people have 
likened it to being propelled into space by an 
electric dynamo. There is no noise, just a steady 
buildup of G-forces. 

At four minutes into the flight, the sky is all 
we can see out the forward windows and it is 
already totally black. But, by twisting my head 
around and looking through the overhead win- 
dow I’m able to catch a glimpse of the sunlit 
earth 60 miles below. The view is incredible! 
Scattered cumulus clouds are like tiny white 
dots on an expanse of deep blue ocean. It is a 





Bottom row, left to right: 
Mission Specialist Richard M. Mullane 
Mission Specialist Steven A. Hawiey 


Pilot Michael L. Coats 

Top row, left to right: 

Payload Specialist Charlies D. Walker 
Mission Specialist Judith A. Resnik 


sight, along with many sights of the next six 
days, that will be forever etched in my memory. 

At about 7% minutes into the flight the 
engines are throttled down to limit acceleration 
to 3-G’s—not very impressive to you fighter 
types. But the Shuttle is built light and can’t 
take much more. Then, at 8% minutes, the 
engines are shut down and the G-forces stop 
instantaneously, to be replaced immediately by 
weightlessness. While still strapped to our 
seats, the feeling of O-G is fdentical to that 
sensed in aircraft maneuvers, only this time it 
continues. 


At this point we still lack about 240 ft per 
second additional velocity to achieve orbit. 
Without it, we would follow our jettisoned ex- 
ternal fuel tank into the Indian Ocean. For that 
reason it is a wonderful feeling to sense the or- 
bital maneuvering system (OMS) engines ignite 
at 10 minutes into the flight to pick up that ad- 
ditional velocity. 


After this burn, I unstrap to move to an aft 
panel to throw a couple of switches and get my 
first taste of unrestrained 0O-G. In just seconds 
I’m out of control bouncing from object to ob- 
ject. It’s readily apparent why we protect the 
switches in the cockpit with guards. The adap- 
tation to the dynamics of 0-G movement is fair- 
ly rapid and within a couple of hours you are 
able to make controlled translations around the 
vehicle. The trick is to move slowly—very 
slowly. 
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Crew Commander Henry W. Hartsfield, Jr. 


After a second burn of our OMS engines at 45 
minutes into the flight, we are safely in a 169 
nm orbit. It has taken 27 years from the birth 
of this country’s manned space flight effort, but 
the USAF navigator community has finally 
been represented in space. 

In 1976, I was a student attending the Flight 
Test Engineer Course of the USAF Test Pilot 
School at Edwards AFB, California, when NASA 
opened the door to navigator participation in 
the Astronaut Program. Although the first 
flight of a Space Shuttle was still five years 
away, NAGA announced at that time the start 
of a selection process for the group of Shuttle- 
era astronauts. Significantly for the navigator 
community, the NASA announcement specified 
that, in addition to selecting pilots for Shuttle 
operations, individuals with no piloting 
background would be selected to serve as MSs 
onboard the Shuttle. The duties of the MS 
would be to assist the pilots in monitoring Shut- 
tle systems during all flight phases and to 
direct the orbit activities, typically the 
checkout and deployment of satellites and/or 
the operation of onboard experiments. Also, 
MSs would be the primary crew members to 
perform any required extra vehicular activity 
(EVA), or space walks. This was the first time 
in the history of the US Space Program that 
NASA designated a non-pilot astronaut crew 
position. In past selections, only pilots, or 
scientists who NASA intended to train as pilots, 
were selected for space flight. 

Within several months of this initial 
announcement, NASA released the eligibility 
criteria for the MS astronaut position. 
Basically the requirements were an engineering, 
science or mathematics undergraduate degree 
with three years of related experience and suf- 
ficient health to pass a Class II flight physical. 
An advanced degree was desired and could be 
substituted for the experience requirement. 

Having earned a Master of Science Degree in 
Aeronautical Engineering thru AFIT and being 
healthy enough to be on flying status, I felt I 
met these qualifications and submitted my ap- 
plication through USAF channels. I was for- 
tunate enough to make it through the AF selec- 
tion process and my name was submitted to 
NASA for consideration. In January 1978, 
NASA announced the first 35 Shuttle-era 
astronauts of which I was one of the MSs 
named. Needless to say, I bought the beer that 
night at the club. 


I would like to think that many other navs 
will follow me into the astronaut program. As 
systems operators in some very sophisticated 
aircraft and having to deal routinely with time- 
critical situations in demanding flight en- 
vironments, we have unique expertise to offer 
to the Manned Space Flight Program. And it’s 
my intention, via this article, to get the word 
out to as many people as possible that they 
have the opportunity to fly as astronauts. 

I’m not certain what resulted in my selection 
over other applicants but I do know it wasn't 
because I had a one-of-a-kind career that will 
never be repeated. The front of this magazine 
has my biography. Look at it! I had no assign- 
ment, except of course the Vietnam tour, that 
isn’t still available to virtually every nav. I 
don’t think my RF-4 background was all that 
important to my selection, so people in the 
heavies shouldn’t think they aren’t com- 
petitive. However, I am certain getting a Master 
of Science Degree was of great importance. 
While NASA only requires an undergraduate 
degree for eligibility, almost every MS selected 
has at least a master’s degree and many have 
a PhD. I also believe that completing the 
engineer course of the USAF Test Pilot School 
makes you more competitive. All three of the 
non-pilot USAF personnel selected to date as 
MSs (myself and two flight test engineers) have 
been graduates of that course. I would strong- 
ly encourage everybody interested in getting in- 
to the astronaut program to consider those two 
assignments. Even if it doesn’t get you selected 
as an astronaut it will enhance your career op- 
portunities both in and out of the AF. You can’t 
lose! 

But if you are selected as an astronaut, what 
can you expect? First of all, the agreement 
NASA currently has with the DOD is that you 
are loaned to NASA for a period of seven years, 
with an option for a one-year extension. The 
DOD 1978 selectees have been extended two ad- 
ditional years. Your OERs are written by the 
Chief of the Astronaut Office and endorsed by 
the Johnson Space Center Director and by the 
DCS for Research, Development and Acquisi- 
tion, a three star general position. 

For your first year you are designated an 
Astronaut Candidate and undergo an evalua- 
tion by NASA. Forget the ‘“‘Right Stuff’’ movie 
scenes. This evaluation is informal and 
transparent to you. Basically, it just allows 
NASA and you to adapt to each other and gives 
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you time to decide if you really want to spend 
a significant part of your career working for a 
civilian agency. 

During this candidacy period you spend some 
time in classroom lectures. Did I say 
classroom? Relax, you are not tested on the 
material presented. The profs are experts in 
various fields of science, e.g., geology, 
astronomy, oceanography, and meteorology, to 
name just a few. Their objective is to make 
everybody aware of what is going on in their 
respective fields and to tell you how manned 
space flight can aid them. It’s surprising what 
a trained observer can do from a low earth or- 
bit for these folks. 

The other part of the classroom work consists 
of briefings on the Space Shuttle itself. These 
briefings do not make you an expert on the 
Shuttle, they just give you a basic under- 
standing of the systems. The vehicle is so com- 
plicated and the systems are integrated with 
each other to such a degree that you don’t 
achieve expert status until you train for flight 
in the Shuttle simulator. More on that later. 

In your first weeks everybody will go through 
standard physiological training and transition 
into T-38 flying—a piece of cake for any nav. 
Your flying will be as backseaters only. NASA 
does not train you as a pilot. Each year you will 
be required to take a proficiency flight check 
and written exam. Stan/Eval is everywhere. 
You can never get away. 

In your first year you will travel to the other 
NASA centers and some of the major shuttle 
contractors to get briefings on what they are 
doing. Remember, you are a representative of 
NASA and should be aware of all of their ac- 
tivities. As an astronaut you will become a 
highly visible spokesperson for NASA. 

Just as you can never escape the clutches of 
Stan/Eval you can never get away from the 
flight surgeon. As a candidate and throughout 
your stay with NASA, you will be required to 
take an annual flight physical. I only mention 
this because so many people have the miscon- 
ception that you have to be a world class athiete 
to be an astronaut—not true. You must stay in 
shape to pass the physical, which is very 
similar to a normal USAF flight physical, ex- 
cept for a very rigorous cardiovascular exam. 
How you stay in shape is entirely up to you. 
NASA has no formal physical training program. 

At the end of your first year, you'll be 
designated a NASA astronaut but probably 





you'll still be a couple of years away from your 
first flight. What do you do during this time? 
Like any USAF flying unit the astronaut office 
has a multitude of additional duties that must 
be performed by crew members. You'll spend 
most of your time assigned to cover these jobs. 
They are not trivial in nature. Each is critical- 
ly important to the Space Shuttle Program and 
each provides you with training directly ap- 
plicable to the flight assignments you will be 
receiving. For example, one job you may be 
assigned is performing crew duties in the 
cockpit of the Shuttle Avionics Integration Lab 
(SAIL). This lab is an exact avionics duplicate 
of the Space Shuttle and all avionics hardware 
and software that flies on the Shuttle is first 
thoroughly tested in this lab. As an astronaut, 
you will sit in the cockpit and ‘‘fly’’ simulated 
ascent, on-orbit, and entry test cases. You will 
be responsible for documenting any anomalies 
so they can be corrected by the appropriate 
engineering personnel. Even though you are an 
MS, you perform all crew duties during these 
tests including the piloting tasks. This ex- 
posure to the hardware and software is tremen- 
dously helpful later when you enter formal 
training for a flight. 

Another typical job assignment would be as 
a ‘“‘Cape Crusader,”’ as we affectionately refer 
to the cadre of astronauts who support Shut- 
tle checkout and preparations for flight at Cape 
Kennedy. Once again you willbe in the cockpit 
doing all crew procedures for a test—a superb 
training experience. 

Also, new payloads being developed for Shut- 
tle flight require significant astronaut support. 
We want to be certain the contractors provide 
the crew members with the interfaces needed 
to do the job the payload is designed to perform. 
As an AF astronaut, you might be assigned to 
track the development of a DOD payload. 

Astronauts also develop and test EVA pro- 
cedures and equipment in a large swimming 
pool used to simulate weightlessness. 
Evaluating the never-ending changes to the 
Shuttle software for its impact on crew pro- 
cedures is also performed by astronaut person- 
nel. All of the interface between the ground and 
a crew in orbit, including voice communication, 
is done by astronauts who are members of the 
Mission Control Center Team. 

I could list many other jobs, each of which re- 
quires full-time astronaut support and is 
critical to the success of the overall Shuttle 
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program. You will thoroughly enjoy every one 
of these jobs while awaiting your turn for a 
flight.When will that occur and how often? Prob- 
ably much quicker and more frequently for 
1990 era astronauts than for us 1978 selectees. 

The first of my contemporaries flew about 
five years after entry into the program. It is an- 
ticipated that by our seventh year all 35 of us 
will have had our first flight. Some will have 
had their second. For the next couple of years 
an individual’s sortie rate will probably be 
about one per year. The reason I doubt that any 
astronauts selected in coming years will have 
to wait this long is because of the rapidly ex- 
panding mission rate. In 1984, NASA flew five 
Shuttle missions. The schedule includes 12 for 
1985 and 14 for 1986. By mid-1985 NASA will 
take delivery of its fourth Shuttle, Atlantis, and 
Columbia will rejoin the fleet after 18 months 
of extensive modifications. Also, in 1985 NASA 
and USAF will begin launch operations from 
Vandenberg AFB. In 1986, a second launch 
facility will begin operations at the Kennedy 
Space Center. DOD operations from both the 
East and West Coast sites will begin to expand 
in future years. As USAF astronauts, you cer- 
tainly will have an excellent opportunity to par- 
ticipate in these flights. Also, commercial 
operations are expected to demand more and 
more Shuttle space. A space station is now be- 
ing developed and will be operational in 8 to 10 
years. Construction and routine support of this 
station will undoubtedly require additional 
Shuttle flights. All of this says to me that the 
92-member astronaut office will have to expand 
in future years and those people joining the pro- 
gram will fly quickly and frequently. 

Once selected for a flight, which generally oc- 
curs about a year prior to launch, you will hand 
over your other jobs and become a participant, 


along with the rest ‘of your crew and the Mis- 
sion Control Center Team, in probably the most 
demanding and thorough training program in 
existence. It has to be that way. Keep in mind 
that on any Shuttle flight, one quarter of this 
nation’s launch capability, representing 
billions of dollars, and the lives of the crew are 
exposed to the hazards of space flight. With this 
magnitude of commitment NASA takes the 
same attitude that any wing commander would 
take with a similar commitment of his 
resources to a single mission, i.e., to make sure 
everybody playing a part in the mission is 
thoroughly trained. Obviously, the wing com- 
mander can insure the desired level of prepara- 
tion by relying heavily on actual flight opera- 
tions. NASA enjoys no such luxury. We must re- 
ly totally on simulations. 

To fulfill this need, NASA has constructed 
two shuttle mission simulators at the Johnson 
Space Center that, as nearly as is humanly 
possible, duplicate the environment of space 
flight. The cockpits are exact duplicates of the 
orbiter cockpits. Digitally-generated scenes 
give the pilots views of launch and landing 
areas and, for rendezvous missions, views of 
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the rendezvous targets. For on-orbit simula- 
tions these computer-generated scenes give the 
MSs a view of the cargo bay with its payloads 
and scenes of deployed satellites. Even the 
stars are projected so that manual procedures 
for aligning our inertial units can be 
practiced—don't forget your star identification. 
One of the simulators has a hydraulic system 
that duplicates the launch and entry motion 
cues. For long on-orbit simulations the crew 
will prepare and eat meals using the Shuttle 
meal preparation hardware and flight food 
packages. Even a duplicate of the Shuttle toilet 
is available for training. Everything that can be 
simulated is simulated. Training emphasis is on 
malfunction detection, analysis and correction, 
in addition to normal operations. In the final 
months prior to launch you will literally meet 
yourself coming and going from the simulator. 
For my mission our crew had 426 launch 
simulations, 266 entry simulations, and 350 
hours of orbit simulations. When you climb in- 
to the Shuttle on launch day, you will never be 
so prepared for a flight in all your life, nor will 
you ever enjoy a flight more. 

I am frequently asked, ‘‘What is it like to be 
an astronaut?”’ I hope the above description has 
answered that question. I also hope that many 
of you will be inspired to pursue an astronaut 
tour by what I’ve written. Your opportunities 
are much more real than you suspect. And, as 
I said earlier, preparations for eligibility for an 
MS astronaut selection can only help your 
career. You can’t lose! Keep your eyes open for 
NASA and USAF announcements on the 
astronaut program and apply. Good luck and 
fly safe! ~~ 
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Colonel Thomas A. CARDWELL Ill 
OJCS/J5 (Strategy Div) 
Washington DC 


Mats Air Force Base—home of the 
navigator—is the only USAF navigator 
training base in the Air Training Command as 
well as the only base with interservice and in- 
ternational navigator training. The navigator 
training program, as we know it today, has 
evolved over the past 40 years. 

Mather’s 323d Flying Training Wing 
graduates approximately 2,700 students each 
year from its 15 courses of instruction. The 
wing flies about 30,850 hours each year in sup- 
port of navigator training— 18,450 in the T-37 
and 12,400 in the T-43 aircraft. 


CURRENT PROGRAM 
Seven USAF flying training squadrons and 
the US Marine Aerial Navigation School provide 
training for the navigation training program. 
Administrative support for naval students is 
provided by the US Naval Air Training Unit and 
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to the German students by the 4th German Air 
Force Training Squadron. 
The 323d Flying Training Wing conducts 
three basic navigator training programs— 
Undergraduate Navigator Training (UNT), In- 
terservice Undergraduate Navigator Training 
(IUNT), and the Marine Aerial Navigation School 
course. Additionally, the wing conducts 
advanced courses in tactical navigation, 
advanced navigation, and electronic warfare 
training. Six other special electronic warfare 
courses are taught to Department of Defense 
and NATO personnel. Finally, Mather conducts 
two ATC Instructor Training School courses, an 
4 international student undergraduate lead-in 

course, and T-37 Pilot Instructor Training, as 
well as conducting the only T-43 check-out pro- 
gram for pilots. 

US Air Force students, including Guard and 
Reserve, Navy, Marine, National Oceanographic 
and Atmospheric Administration (Coast 
Guard), and international students attend the 
basic UNT/IUNT training programs. The UNT 
program is approximately six months long (120 
training days) and graduates are awarded their 
silver wings and the aeronautical rating of 
navigator. Upon completing the five month 
IUNT program, graduates receive the Navy 
wings of gold and are designated Naval flight 
officers. The Marine Aerial Navigation program 
is six months long and the graduates are 
designated Marine navigators and are awarded 
the USMC navigator’s insignia. All students 
then go to postgraduate programs or to specific 
weapon systems upgrade training. All USAF 
and some international students remain at 
Mather to attend one or more of the advanced 
courses. Navy and Marine students go to their 
respective service upgrade training programs. 

All navigator candidates receive the same 
UNT course. Upon graduation, all USAF 
navigators attend advanced training. For exam- 
ple, a student whose end assignment is the F-4 
completes the basic 120-day UNT program and 
then the 25-day Tactical Navigation (TAC NAV) 
course. After TAC NAV, the navigator enters 
the pipeline for Tactical Air Command’s fighter 
lead-in and F-4 aircraft training. Likewise, a 
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student selected as an Electronic Warfare Of- 
ficer in B-52s, AC/MC-130s, or RC-135s com- 
pletes the UNT program before the 92-day Elec- 
tronic Warfare Officer Training program. Total 
navigator training time at Mather is 7 to 12 
months. 


PROGRAM CHANGES 

In 1983, the navigator training programs 
underwent some major changes. The UNT pro- 
gram includes training in the Cessna T-37 and 
Boeing T-43 aircraft. Initially, the T-37 flights 
were interspersed with the T-43 aircraft and 
T-45 simulator missions. This made continui- 
ty of training difficult. Now the T-37 training 
is completed before starting T-43 and T-45 
training so the student completes the T-37 
phase without the confusion of learning two air- 
craft systems and missions simultaneously. 
Several minor curriculum changes have 
occurred to keep pace with the major command 
requirements. An excellent article in the Spring 
1984 issue of THE NAVIGATOR described the 
current UNT program. The following changes 
have been made in the basic syllabus. 


In October 1984, IUNT, the interservice 
navigator program, was changed. The Navy 
student is now trained in the maritime flight log 
and celestial sight form from day one of the 
student syllabus. Navy students previously 
learned Air Force procedures first, which 
required a transition to Navy procedures 
halfway through the program. 
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On the graduate side, there are several major 
changes. The TAC NAV program was changed 
regarding training in the low level route struc- 
ture. Based upon an Air Training Command in- 
itiative, Mather tested new 500 feet above-the- 
ground training routes. These routes provide 
more realistic training for the TAC NAV 
students. Headquarters Air Training Command 
has approved these routes for TAC NAV 
training 


Another change is in the Electronic Warfare 
Officer Training program. This program in- 
cludes the basic Electronic Warfare Officer 
Training (EWOT) course, where approximately 
20% of UNT graduates go to become Electronic 
Warfare Officers (EWOs), and advanced elec- 
tronic warfare courses for the Air Force, other 
services, international officers, and Depart- 
ment of Defense personnel. Academics include 
an introductory course for people just begin- 
ning work in electronic warfare (EW) related 
areas, the EW Staff Officer Refresher course, 
and the Senior Officer Electronic Combat 


course. All of these courses prepare personnel 


to function in future conflicts where electronic 
combat will definitely play an integral and vital 
role. These courses change to keep abreast of 
the rapid developments in this vital area, but 
the basic course concepts will remain the same. 

EWOT continues to fill the immediate Air 
Force needs for aircrew EWOs. It provides ap- 
proximately 190 new graduates per year to 
keep total EWO numbers at approximately 
2,150. Remember, however, that 60% of the Air 
Force requirements for EWOs are in other than 
crew positions. As the emphasis on electronic 
warfare continues to grow and the importance 
of how to conduct warfare on the modern bat- 
tlefield is experienced, the criticality of train- 
ing EWOs to be more than equipment operators 
is evolving. 

The current 92-day syllabus will be expand- 
ed with the development of the next generation 
of threats, including laser and particle beam 
weapons. More time will be allotted to expand 
training in computer use related to EW equip- 
ment and capabilities. Along with increased 
computer training will come the reprogram- 
mable systems that computer technology 
allows. Equipment will be reprogrammable in- 
flight as well as for mission or theater re- 
quirements. The EWOT course is presently in- 
corporating reprogrammable systems concepts 
training to include the EF-111 Tactical Jam- 
ming System (TJS), the APR-38 F-4G Wild 





Weasel System, and eventually will include the 
B-1B ALQ-161 system. The B-1B systems are 
expected to be included in the next 12-18 
months. The thrust of this training is toward 
systems usage as examples of concepts, 
technology, and capabilities rather than 
teaching purely systems operation. 

At the halfway point in FY 86, the UNT 
syllabus will include about 20 hours of basic 
electronic warfare training. This training will 
result in a much more aware and capable 
navigator graduate. 

The Navigator Bombardier Training (NBT) 
program is also changing. NBT has been 
transferred to Strategic Air Command at 
Castle AFB, California. The phase out was com- 
pleted in November of last year. With the deac- 
tivation of NBT, over 40 years of Navigator 
Bombardier Training has come to an end at 
Mather AFB. The 449th Flying Training 
Squadron has picked up a new mission and now 
conducts US Navy (IUNT) and Advanced 
Navigation (AN) training. 


A LOOK INTO THE FUTURE 

What will be the future role of the navigator? 
This question has been asked many times and 
there probably is no definitive right answer. 
There are several scenarios. All start with the 
premise that there definitely will be a need for 
the navigator in the future. With this in mind, 
certain statements can be postulated about 
navigator requirements through the year 2000. 
I should point out that these thoughts are sim- 
ply one way to look at navigator requirements. 

In my view, the role and requirements for 
navigators in the next ten years will change 
more than in any previous time. If we look at 
projected force structure for the rest of the 
1980s and early 1990s, we see a transition of 
an even greater magnitude than that of the late 
sixties when we saw the introduction of the 
weapon systems officer. 

The announcement to build 392 two-place 
F-15Es brings into focus the changing role of 
and the requirements for the navigator. I see a 
trend away from traditional roles and re- 
quirements and a leaning toward the navigator 
managing the systems delivery, and the respon- 
sibility for employing self-defense measures. 

From my vantage point, the projected force 
structure can be subdivided into four distinct 
functional career areas—special mission, 
systems operation, electronic warfare, and 
navigation. 
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Special Mission. Includes E/R/WC-135s, 
A/E/H/J/M/WC-130s, E-3s and the next genera- 
tion aircraft to assume these missions. No 
significant change in the specialized role of the 
navigator is seen in these missions. Special mis- 
sion aircraft would be the last C-130s and 
C-135s withdrawn from service. It is realistic 
to expect additional C-130s and C-135s to be 
configured for special missions to meet pro- 
jected battlefield needs. 

Systems Peanon Includes F/RF-4s, 
F/FB-111s, B-52s (OAS), B-1s, and two place 
F-15Es as well as the next generation aircraft 
replacing the F-111 and B-1. The B-52 OAS is 
included because the tasking for OAS modified 
aircraft is similar to that performed by the 
other systems operators. 

Electronic Warfare. Two distinct subtypes— 
dedicated EWO (B-52, EC-130/RC-135) and the 
EWO who performs other duties (B-1, EF-111, 
F-4G/F-15E and the EWO assigned to tactical 
fighter units). 

Navigation. Includes KC-135 and C-130. Now, 
if we take a look at some figures on the force 
structure, we can come up with an estimated 
navigator requirement through 1995. 
Remember that exact numbers cannot be used 
but, given certain facts, an estimate can be 
made which will show the trend of the role and 
requirement for navigators. 


A continued requirement will exist in F-4s 
from both the active and Air Reserve Forces 
(ARF). The RF-4 will be retired from the active 
force, but will be retained in the ARF. The in- 
troduction of the B-1B and F-15E will cause ma- 
jor changes in the navigator force. These 


changes obviously will impact the navigator 
career force. 


Considering these changes we can calculate 
the force structure in the functional subareas 
for the next ten years. 


Special Mission. No change from the current 
program. Any changes to the next generation 
aircraft should not affect the special mission 
navigator’s duties. This career area is about 4% 
of the current navigator requirement, and it is 
estimated to be 5% by FY 94. 


Systems Operation. Major changes will oc- 
cur in this career area. The large buy of the 
F-15E and the addition of the B-52 OAS and B-1 
will cause this change. With about 45% of the 
navigator force at present, it is estimated that 
in FY 94 60% of the navigator force will be in 
this subarea. 











Electronic Warfare. There will be some changes 





in this career area. It is estimated that about 
one-half of our Electronic Warfare Officers will 
require systems operator skills. Currently, 21% 
of the navigator requirement is in this subarea. 
About 25% will be required in FY 94. 


Navigation. Major reductions in the number of 

gators dedicated to the airlift and tanker 
missions will impact this career area. Approx- 
imately 30% of all navigators are in this 
subarea today. The worst case scenario would 
reduce this group to about 10% in FY 94 with 
the majority in the ARF. If the decision is made 
to retain KC-135 and C-130 navigators, this, of 
course, would change. 


From these assumptions, we estimate a FY 94 
total navigator cockpit requirement around 
3,550—down nearly 8% from the 3,850 cur- 
rently required. The total AF navigator require- 
ment will remain approximately 10,000. What 
does this mean to us in the training business? 
Simply stated, we must be actively responsive 
to the projected change, not reactive. We must 
look downstream and see what the navigator of 
the year 2000 will be like. 

The future navigator will be more systems 
oriented and less navigation oriented. It ap- 
pears our navigators will be trained in 
computer-generated navigation systems and 
electronic self-defense and weapon systems. To 
keep pace with this ever-changing career field, 
we must analyze the trend and continually 
develop more effective training programs. The 
future is bright. <i 


A graduate of Texas A&M 
University, Col Cardwell was 
commissioned via ROTC in 
1965. He completed UPT and F-4 
training and then served in Viet- 
nam. After combat crew training 
in 1969, he had operational fly- 
ing duty in the F-102 and F-106 
at stateside bases. Under the 
ASTRA Program, he was as- 
signed to HQ USAF in 1973 
before duty at Tyndall AFB. After 
another HQ USAF assignment in 
1977, he attended the Air War 
College. He then reported to 
Mather AFB as the Deputy Com- 
mander for Operations. Col 
Cardwell is now assigned to the 
Pentagon. 
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Brig Gen Donald C. METZ 
HQ AFLC/MP 
Wright-Patterson AFB, OH 


you check your dictionary, 

ou’ll find art defined as 
“the skill in performance ac- 
quired by experience, study, or 
observation.’’ Science can be 
defined in a similar manner, 
but has a different connotation 
these days. In a recent speech 
before the Dayton Chapter of 
the Institute of Navigation, I 
expressed my views and con- 
cerns on where navigation and 
navigators could be heading as 
a result of science, moderniza- 
tion, and technical advances in 
general. I would like to share 
some of these thoughts with 
you. 

Some of you may believe this 
is one of those articles where 
an old “‘brown-shoer”’ is anti- 
technology. While it has been 
a few years since my primary 
duty as a navigator, Iam 100 
percent behind any ad- 
vancements that make the 
navigator’s job easier and 
more accurate. My concern is 
not with the new advances in 
navigation equipment, but 
with the navigator and his 
reliance on “‘science,’’ instead 
of developing the ‘‘art”’ of his 
profession. 

On a recent trip to Mather 
AFB, I had an opportunity to 


sit at a student navigator’s 
position in the T-43A. I was 
amazed at the amount of ex- 
cellent equipment available to 
today’s student navigator. 
Granted, each aircraft in the 
inventory is not so amply 
equipped, but any of these ex- 
tra aids make the job easier. 
The obvious question I had 
was, ‘“‘What if the equipment 
malfunctions?” The answer I 
received was the same as in my 
navigator days—fall back on 
the basics. 

My concern is that so much 
time and attention is spent 
learning and keeping profi- 
cient with the ‘‘black boxes”’ 
that the basics might be falling 
by the wayside. These basics 
may make a difference in your 
destination some day. How 
often do you practice DRs if 
you don’t have to? How many 
purely celestial navigation legs 
do you practice? Have you ever 
played the ‘‘what-if’’ game? A 
proficient navigator is more 
than just a ‘‘systems 
operator.”’ 

When you're out on a prac- 
tice mission or an operational 
mission where the pilot can 
back you up, try putting the 
Doppler to standby, turning 
down some LEDs, or just ig- 
noring an instrument output 
and ask what you would or 
could do in the event that com- 
ponent had really malfunc- 
tioned. Do you have a back-up 
plan? My remaining com- 
ments, many of you have 
heard before, might help you 
become a truly professional 
navigator. 

First, think about your 


THE NAVIGATOR 





rt of Navigation Dead? 


options under different situa- 
tions. Play the ‘‘what-if’’ 
game—practice it when you 
can. Don’t get pulled into a 
false sense of security because 
you’ve been lucky so far. 
Review and practice some 
basics, i.e., DRs, target timing 
winds, celest:al techniques, 
grid navigation, and alternate 
bombing procedures. This will 
keep you on the road to 
developing the experience por- 
tion of the ‘‘art’’ of navigation. 

Another piece of the “‘‘art’’ 
comes from observation and 
study. Talk to other navigators 
and ask them some ‘“‘what-ifs.”’ 
See what they would do, or 
have done, in different 
situations—learn from others’ 
experiences. Learn all you can 
from everyone you can to 
prepare yourself for the unex- 
pected. While you're getting 
educated, don’t forget to visit 
your local maintenance shops. 
The folks who repair the equip- 
ment may have some in- 
teresting solutions and tem- 
porary repair techniques that 
may come in handy some day. 

The final advice I offer real- 
ly results from the previous 
suggestions—gain confidence! 
Obviously, the more you prac- 
tice, observe, study and ex- 
perience, the more confident 
you'll become. Confidence in 
your ability to navigate 
anyplace, anytime, with any 
equipment is a valuable asset. 
Ensure your confidence is well- 
founded and others will have 
confidence in you. As that con- 
tinues to happen, you will be 
acknowledged as a real 
professional. 





Hopefully, my thoughts 
haven't fallen on deaf ears and 
you are a professional. If you 
have been practicing what I 
and others preach, and not 
totally relying on science to get 
you through, you are well on 
your way to becoming a pro- 
fessional navigator—one truly 
proficient in the Art of 


Gen Metz graduated from the 
University of Oregon, Eugene, in 
1959, and entered the Air Force 
via ROTC. After UNT and NBT, 
he was assigned to the C-124 at 
Travis AFB. In 1964, he was 
reassigned to Hickam AFB 
before duty at Scott AFB. He 
earned his master’s degree from 
Auburn University in 1969 and 
then served in the C-130 at 
Udorn RTAFB. Next came duty 
at Randolph AFB, HQ USAF, and 
back to Randolph. Since 1983, 


Navigation. 


Gen Metz has served at Wright- 


Patterson AFB. 
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W. are pleased to present the navigators recently selected for promotion to colonel. Congratulations and best 
wishes for continued success from THE NAVIGATOR. 


Allen, John J. 

Beadle, Leonard C. Ill 
Bechtol, Joseph J. 
Bell, Jeffrey 

Browning, William M., Jr. 
Bulloch, Donald C. 
Burnette, Herman C., Jr. 
Burrell, Stephen F. 
Bush, Howard J. 
Charneco, Humberto R. 
Cody, William C. 
Dixon, George W. 
Donahey, Dayl W., Jr. 
Donovan, John S. 
Emmons, Donald R. 
Fennelly, Norman F. 
Fischer, Stephen R. 
Fries, George J.C. 
Gilbert, Boyd W. 
Gillespie, Peter T., Jr. 
Gregory, David C. 
Haddix, Ronald 

Haffa, Robert P., Jr. 
Halloran, Ronald P. 
Hanes, Jimmie W., Jr. 
Harrington, James H. 
Hayes, William A., Jr. 
Hecker, John F. 

Hinkle, Gary R. 


Hokins, Albert H. 
Howe, David T. 

Huil, Jimmy E. 
Hyden, Larry C. 
Jannarone, August G. 
Kavanagh, Thomas D. 





Kelly, Thomas J. 
Kilburn, Richard F. 
Kosnik, Stephen 
Lawrence, Kenneth R. 
Logan, Marlin L. 
Logue, David R. 
Lung, Phillip E. 
Luxich, Lionel H., Jr. 
Maguire, Joseph J. 
Main, Davis L. 
Manno, John F. 


~~ 
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Massey, Rastus O. 
Mayers, Russell S. 
McGuirk, Dennis P. 15 
Moran, John H. 
Morey, Ronald L. 
Moss, James A., Jr. 
Murata, Ned T. 
Oakes, Howard J. 
O’Brien, Michael B. 
Peterson, Daniel R. 
Pianalto, Albert G. 
Primoli, Dennis L. 
Ravenel, John M. 
Ruane, James J. 
Ryan, William J. lll 
Schmidt, Noian W. 
Schulz, Ronald E. 
Sellers, Archie H., Jr. 
Sevier, George S. 
Skalicky, James R. 
Sula, Richard L. 
Tiller, George W. 
Tramposch, Helmut 
Vion, Jerry E. 
Volloy, Gerald R. 
Walsh, Robert P. 
Wildes, James S. 
Williams, John O.S. 
Zickert, Martin J. 
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Che First Ato mi C Bombarder 


Major Leon J. JOHNSON 
93 BMW/DO5 
Castile AFB, CA 


1 September 1944, Lt Col Paul Tibbets 
received probably the most unique com- 
mand of World War II. He was to form a new 
unit comprised of the best flying crews in the 
Army Air Corps. This unit’s mission would be 
to launch a B-29 carrying a special 10,000 Ib 
bomb, fly 3,000 miles in about 13 hours, and, 
flying at about 32,000 ft, drop the bomb visual- 
ly within 500 ft of the target. His project was 
such a high priority that General of the Army 
Henry “‘Hap” Arnold instructed his staff to 
“give him anything he wants without delay!” 
Tibbets immediately asked for Major Thomas 
Ferebee. 

Major Ferebee was not only one of the finest 
bombardiers in the flying service, he was a 
trusted friend of Paul Tibbets. A product of the 
south, he had graduated from the Army Air 
Corps Bombardier School prior to combat du- 
ty in Europe. His combat record was extraor- 
dinary. He had flown 63 combat missions and 
had demonstrated his bombing prowess under 
the most severe conditions. On one mission he 
flew with Tibbets, his aircraft struck the Abber- 
ville Air Base in Germany. The Nazis had 
launched Herman Goering’s personal squadron 
of Messerschmitts against the airborne raiders 
and the enemy soon took their toll. On 
Ferebee’s crew alone, a gunner had his foot shot 
off, the copilot lost a hand, and Tibbets had 
been wounded. Ferebee remained cool and in 
the face of enemy fire, delivered his weapons 
with pinpoint accuracy. 

Tall and soft-spoken, he wore a mustache 
that made him look older than his 24 years. His 
demeanor was such that “‘...friends said the on- 
ly time he really asserted himself was in com- 
bat, at the poker table, or when a pretty girl 
passed.”’ But it was his conduct under fire and 
his ability to consistently bomb on target that 
made him invaluable to Tibbets. He was 
transferred to the 393d Heavy Bombardment 
Squadron at Wendover Field in Utah; the unit 
that would drop the first atomic bomb. 


In the heat, dust, isolation, and boredom of 
Wendover, Ferebee was given the task of train- 
ing all bombardiers in the squadron. Scientists 
were still not certain of the tactics required for 
atomic weapons; however, one thing they were 
sure of—an atomic strike required precision 
bombing. Ferebee drove his crews to reach that 
level, requiring his bombardiers to drop their 


bombs within a 700 ft circle. Day after day, 
both he and his crews practiced dropping a 
single ‘“‘block buster’’ into the bomb range cir- 
cle. He flew with each crew and, as the crew 
demonstrated the ability to drop in the 700 ft 
circle, he decreased the circle size to 400 ft. 
On 17 December 1944, the 393d was 
redesignated the 509th Composite Group. 
Ferebee became the group bombardier and 
spent most of his time preparing and analyzing 
training programs. One problem which 
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persisted and worried both Tibbets and Ferebee 
was the failure of bombardiers, Ferebee includ- 
ed, to bomb consistently once the circle size had 
been reduced to 300 ft. Ferebee had his Norden 
bombsight stripped, recalibrated, and rebuilt to 
no avail. He flew with all of his crews in an ef- 
fort to observe trends, yet none existed. Final- 
ly, Col Tibbets flew with and observed Ferebee 
bombing a target. As Ferebee made his final 
sighting of the target aimpoint, Tibbets no- 
ticed that Ferebee had moved slightly from his 
seat. This slight movement caused his eye angle 
on his bombsight eyepiece to change slightly, 
but at 30,000 feet this was enough to cause a 
few hundred feet of bombing error. As soon as 





he landed, Ferebee had a special headrest con- 
structed over the bombsight to hold a bombar- 
dier’s head steady. From that time on, each 
bombardier bombed well within the target 
circle. 

Ferebee’s training programs were extremely 
effective. So much so that, while the average 
AAF bombardier could place a bomb within a 
1,000 ft circle only 20-50% of the time, 
Ferebee’s crews, after undergoing his training, 
could drop consistently in a 300 ft circle. 


On 23 June 1945, the 509th was transferred 
to the island of Tinian in the Pacific and placed 
under the command of Maj Gen Curtis E. 
LeMay. LeMay, who had flown with Ferebee in 
Europe, had only respect for Ferebee’s abilities 
as a bombardier. Unfortunately, he did not 
believe the 509th was the best choice to drop 
the first atomic bomb. He felt that one of his 
combat experienced crews should have the mis- 
sion. Ferebee exploded. Despite the differences 
in rank, he lashed into the general and finally 
convinced LeMay to test Tibbets and his crew 
for the mission. LeMay decided to send his 
Operations Officer, Col William Blanchard, to 
check Tibbets’ crew. They performed master- 
fully. After a two engine lift-off, pinpoint 
navigation and time control, Ferebee placed the 
bomb so close to the target that there was no 
doubt about this crew’s ability. LeMay finally 
gave in. 

In August 1945, all preparations had been 
made. The first atomic test explosion had been 
successfully conducted at the Alamogordo test 
site. General Carl Spaatz, the commanding 
general of US Army Air Forces, had received the 
order to deliver the ‘‘special’’ bomb as soon as 
weather permitted. Tibbets and Ferebee went 
to General LeMay’s headquarters on Guam to 
choose the first target for the first atomic 
strike. Of the targets available (Hiroshima, 
Kokura, Niigata and Nagasaki) LeMay chose 
Hiroshima. With the primary target decided, 
Ferebee, Tibbets and LeMay had to decide the 
angle and direction from which to attack. At 
over 30,000 feet, the winds could produce over 
40° of crosswind; the Norden bombsight could 
handle only 25-30° with any accuracy. A staff 
member suggested flying directly downwind, 
eliminating the crosswind and, with a tailwind, 
decreasing the time over enemy territory. 
Tibbets disagreed and suggested flying into the 
wind. This would cancel the crosswind and give 
Ferebee more time to find the aiming point. 
When LeMay mentioned that this would also 
leave the aircraft more vulnerable to Japanese 
defenses, Ferebee said, ‘*...our primary purpose 
is to hit the target. We're going up there to 
bomb, not to play it safe."’ Satisfied with the 
direction of the attack, LeMay asked Ferebee to 
pick his aiming point. Without pausing, Ferebee 
chose the Aioi Bridge in the center of 
Hiroshima. The mission was set for August 16. 

On 15 August 1945, a silver B-29, recently 
renamed the ‘‘Enola Gay,”’ taxied over a pit on 
the Tinian ramp. In the pit was a 9,000 Ib 
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oblong-shaped device, nicknamed ‘‘Little Boy,”’ 
which was hoisted into the bomb bay. The crew 
arrived at the aircraft at 0130 hours and was 
met by a carnival of photographers and 
newsmen, who had been tipped off about this 
unusual mission. At 0220, the crew posed for 
pictures and climbed aboard the B-29. Ferebee 
completed his preflight checklist items and 
settled in for the takeoff. At 0245, the first 
atomic mission began. 

During the mission, Ferebee did not have 
much to do. Relaxed most of the time, occa- 
sionally he stepped back to talk to the rest of 
the crew. The navigator, ‘‘Dutch’’ Van Kirk, 
Tibbets and he discussed the target area for 
awhile and then Ferebee slipped into the bomb 
bay to watch technicians arm the bomb. He 
returned to his position and mentally 
reviewed the target area. At 0805, Van Kirk an- 
nounced that the Enola Gay was approaching 
the target. At 0812, they were at the initial 
point—the bomb run had begun. 

Ferebee instantly began a visual search of the 
target area. He would search through the plex- 
iglas bubble in the nose of the B-29 until he 
could transfer his gaze to the bombsight. He 
finally sat down in his seat and bent forward 
on the specially designed bombardier’s 
headrest. While the rest of the crew donned 
specially designed polaroid glasses, Ferebee 
concentrated on his task. Thirty seconds into 
the run he announced, ‘I have Hiroshima in my 
view finder.’’ The recon photos and charts he 
had studied for so long now were alive and in 
his sights. The roads, buildings, and rivers 
floated by as he searched for his aimpoint. 
Finally, the T-shaped form of the Aioi bridge ap- 
proached. Ferebee yelled, ‘I’ve got it!’’ He 
readied his equipment, made the final ad- 
justments to his bomb system controls, and 
turned on a tone signal. The tone indicated 
automatic synchronization for the final 15 
seconds of the bombing run. The bomb doors 
opened automatically and at 0815:17 the tone 
cut. The first nuclear weapon dropped from its 
racks. 

“‘Bomb away!”’ yelled Ferebee. As the bomb 
dropped, wires linking the aircraft to the bomb 
were pulled closing an electrical circuit in the 
bomb. After a series of switches closed, power 
from a battery traveled to an electrical 
detonator. An internal powder charge fired the 


uranium ‘‘bullet’’ down a gun barrel creating 
fission. 

Ferebee watched the bomb drop. As he stated 
later, ‘‘...it wobbled a little until it picked up 
speed, and then it went right down just like it 
was supposed to.’’ The bomb fell for 43 
seconds. Ferebee missed his aiming point by 
less than 800 feet. 

The bomb detonated over Hiroshima at 0816. 
Instantly, 71,000 people were killed. Those who 
died later from wounds, burns, or leukemia 
have never been counted. The bustling city of 
Hiroshima lay a wasteland of rubble, burned 
out buildings, and bodies. Never before had 
anyone experienced firsthand the by-products 
of a nuclear explosion. Ferebee said the inten- 
sity of the light was overwhelming and the 
shock wave from the bomb almost knocked the 
aircraft out of the sky, not once but twice. The 
mushroom cloud was visible to the crew for 
over 300 miles. 

There was one additional atomic strike on 
Nagasaki before the Japanese sued for peace. 
The war ended, ushering the world into the 
atomic age, cold war, and the space age. 

As for Ferebee, he remained in the Air Force 
and even served a tour in Viet Nam before retir- 
ing. He now lives in Florida where he works as 
a real estate agent. Ferebee returned once to 
Japan and toured one of the atomic sites first 
hand. He described the destruction of the 
atomic bomb as horrible, but he also 
remembers hidden kamikaze planes and the 
fanaticism of the Japanese soldiers on the 
Pacific islands. Tom Ferebee looks back on his 
experience without regret, believing ‘‘...it was 
a job that had to be done.”’ History will always 
remember him as the world’s first atomic 
bombardier. ~~ 


Maj Johnson graduated from 
Eastern Nazarene College and 
completed basic training before 
OTS attendance. After UNT, 
NBT and CCTS, he was initially 
assigned to Loring AFB. In 1979, 
he was reassigned to Mather 
AFB. Maj Johnson currently 
serves at Castle AFB. 
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C-130 Rotation Reflections 


Captain Robert C. BRUNO 
61 TAS/DON 
Little Rock AFB, AR 


Rotations are sanctioned 
under Volant Pine guidelines 
to maintain a C-130 squadron 
at RAF Mildenhall at all times 
for peacetime tactical airlift 
support on the European con- 
tinent and to sustain a con- 
tingency rapid response 
capability. A rotation compo- 
nent’s stay is approximately 
60 days. All stateside C-130 
squadrons, except at McChord 
AFB, rotate in and out of 
Europe at two-month 
intervals. 

There are several routes of 


‘4 flight between the states and 





first rotation (‘‘rote’’) may 

not be as memorable as 
your first blind date or your 
first brand new car, but it cer- 
tainly can be a wonderful ex- 
perience if you are prepared. 
This article should alleviate 
some of the anxiety and 
misconceptions shared by 
many of the “brown bar’”’ 
navigator types and even those 
who have pinned on the silver 
ones. I haven’t the space to 
make everyone experts on 
rote. However, those of you 
destined to fly the C-130 Her- 
cules at some future time will 
have to fill in the blanks 
yourselves. 


England, but you will probably 
stage through Goose Bay, 
Labrador, Newfoundland or 
Lajes, the Azores. From 
Little Rock AFB, the approx- 
imate flying time for the Goose 
Bay route is 14 hours, 8 of 
which are over water. RAF 
Mildenhall observes quiet 
hours and does not open for 
business until O600Z (which is 
also 0600 local), so your over- 
water leg is usually at night, 
allowing your arrival in the 
early morning. 

Most likely, as a new 
navigator, someone will ac- 
company you as a tracker. In 
my squadron, supervisors are 
very careful to place new navs 
with highly experienced air- 
craft commanders and crews. 
Some transatlantic routes may 
offer a few radio aids. Also, the 
coasts of Iceland and 
Greenland will show on radar, 
but beware during the winter 
months since Greenland may 
be surrounded by an ice pack 
extending 200 miles or more. 
Pressure-pattern navigation 
works very well in the North 
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Atlantic, as does Omega and 
both, in combination with 
trusty oid DR and celestial, 
will take you most of the way. 
If that first Atlantic crossing 
makes you anxious, as I was, 
you'll probably dead reckon 
your position every 10 
minutes while double and tri- 
ple checking all of your 
celestial computations. One 
very helpful hint I learned the 
hard way is to determine 
latitude by Polaris periodical- 
ly. Since the routes are basical- 
ly due east, Polaris provides a 
super course-line LOP. At 
sunrise you'll probably be 
coasting in over the shores of 
Scotland (or England itself 
from the Lajes route). After 
landing at Mildenhall, you'll 
process in and grab a few 
hours of well-deserved sleep. 


FLYING IN EUROPE 

No matter how many people 
tell you flying in Europe is 
unique you won't fully relate 
until you find out for yourself. 
As usual, prior preparation is 
the key. Be sure to consult the 
FLIP Area Planning Guide, a 
European IFR Supplement, or 
talk to the ‘‘old heads” in your 
squadron. 

European airspace is ex- 
tremely congested and con- 
trollers will not tolerate too 
much deviation from airways. 
Each country has its own 
rules, airways structure, and 
preferred routings. Traffic 
controllers are very pro- 
fessional and capable, but 
heavy traffic congestion per- 
mits little off-airways flying or 
direct routing. 

A typical mission from 
England to Athens, Greece, at 
C-130 altitudes, FL 200 - FL 
240, will probably transition 
from high to low airway struc- 
tures several times. You'll be 
using high charts over 
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England, low ones over France, 
and transfer back to the high 
structure for Italy and Greece. 
This can create confusion— 


again, preparation is the key. 


Annotating airways chart 
changes on the AF Form 70, 
along with all the other impor- 
tant information (frequencies, 
coordinates, FIR boundaries, 
etc.), alleviates most of the 
scrambling for the right chart. 

Another concern which 
merits mention is European 
controller ianguage accents. I 
stated that European con- 
trollers are very professional, 
and they are. However, their 
English is affected by their 
native speech habits. ‘n- 
evitably, a controller will clear 
you to a point not on your 
flight plan. When this hap- 
pens, the controller’s pronun- 
ciation of the checkpoint iden- 
tifier may leave you scratching 
your head. 


The name of the specific air- 
way juncture may not appear 
to be spelled as it sounds 
either. (Is Dijon spelled with 
one ‘“e’’ or two?) A useful 
technique is to ask controllers 
for a checkpoint’s phonetic 
identifiers. (Delta, India 
Juliet—Oh, Dijon! Why didn’t 
he say that?) Another tech- 
nique, which I do not recom- 
mend except in dire emergen- 
cies, is to respond, ‘Roger, 
understand cleared direct 
Cambrais’’(or cleared to some 
known checkpoint). The con- 
troller will either say ‘‘Roger,”’ 
or someone else who speaks 
good English will answer, 
‘“‘Negative, you are cleared 
ta4."° 

Transition altitudes and 
levels vary from country to 
country and may even change 
within the same country. They 
are annotated on approach 
plates and should be included 
in your approach briefings. 
Altimeter settings can be QNH, 


QFE, or QNE. The numbers can 
represent inches or millibars 
of mercury. Always keep a con- 
version table handy. 

Obviously, I can’t tell you 
everything you need to know 
about flight planning and fly- 
ing in Europe, but I hope these 
examples will show that the 
experience is certainly dif- 
ferent from what we're condi- 
tioned to expect. Flying in 
Europe really isn’t very 
difficult—just very different. 
Take heart, though. After a 
week you'll begin to feel com- 
fortaLle and, after your first 
rote, you'll be an ‘‘old head’’ 
too. 


TIME OFF 

Most of your time off will be 
at Mildenhall. There are plen- 
ty of places to sightsee or shop 
for rotation ‘‘treasures.’’ 
Mildenhall village is a short 
bus ride or a long walk from 
the base. Cambridge, the 
famous university town, is 
definitely worth a visit. And, 
there is always London about 
2 hours and 13 dollars away 
by train. 

Normally, you will earn 
three days off during your 
tour. If you spend those three 
days in the UK, you can easily 
visit Scotland, journey to 
London, or ride the hovercraft 
across the English Channel to 
Paris. The Mildenhall base 
travel center offers loads of 
long and short trip packages. 

If you’re a bit adventurous, 
you might hop an eagle mis- 
sion to Germany or Spain. The 
Eagle mission usually carries 
passengers from Mildenhall to 
Frankfurt and then on to 
Spain. The next day the route 
is followed back to England. 
There is also a Mediterranean 
support mission to Italy and 
Greece. Contingencies often 
create unanticipated flights, so 
be prepared for other unusual 
missions which come along. 
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Time off can be less frequent 
on the road, but usually 
opportunities arise to see such 
places as Athens, Frankfurt, 
and other exotic cities where 
you RON. My advice is to see it 
all. 

Each rotation will vary a bit 
in the type of mission flown, 
but you can be confident that 
from Mildenhall, you will 
probably spend some time in 
Greece and Turkey. Athens is 
an excellent place to sightsee 
and the Greek food is 
outstanding. Turkey can be a 
shopper’s paradise—most pur- 
chases there are duty free. 


GOING HOME 
Inevitably, rotations end and 
the time comes to pack your 
laundry, crate your collection 
of ‘‘treasures,’’ and fly home. 
One word of warning here: 
Don’t fall prey to the get-home- 
early syndrome and ignore 
caution. Take your time and 
keep your focus on safety and 
fuel planning. 

A C-130 NATO support rota- 
tion allows you to log valuable 
flying time, meet new friends, 
and glimpse-how the other half 
lives. Rote can be an out- 
standing opportunity to ex- 
pand your horizons, if you let 
it. The experiences you share 
will provide memories for a 
lifetime. 


es 





A graduate of Flagler College in Florida 
with a degree in English, Capt Bruno 
entered the Air Force via OTS. He 
completed UNT in 1981 and was then 
assigned to Little Rock AFB. Capt Bruno 
is an instructor with the 61 TAS. 





B-52 Offensive Avionics System (OAS) Training 


Major William H. PRICE 
93 BMW/DODBN 
Castle AFB, CA 


he B-52 navigator academic training at 

Castle AFB, California, is one of the most 
rapidly growing programs in SAC. The school 
has expanded from a small staff of 8 to a large 
staff of 43 instructors in just over two years. 
This change occurred concurrently with the 
B-52 conversion from the older ASQ-38 bomb- 
nav system to the new OAS for navigation 
control. 

Starting in November 1983, the Navigator Of- 
fensive Avionics System (NOAS) course began 
replacing the Navigator-Bombardier Training 
(NBT) school which had been in operation at 
Mather AFB since the 1950s. After NBT closed 
its doors in November 1984, all B-52 training 
was transferred to Castle AFB. 

The primary reason for the relocation was 
simulator funding, since it is less expensive to 
have all of the trainers at one central location. 
This move also reduced TDY costs and 
standardized SAC bombing procedures. Fur- 
ther, since all NBT students historically were 
assigned to B-52s, it was advantageous for SAC 
instructors to teach in the new school. 


NOAS 

The largest portion of SAC’s primary Combat 
Crew Training School (CCTS) is the NOAS 
course with 28 instructor radar navigators 
assigned. Approximately 150 new navigators 
will graduate from the course each year. 
Presently, about 55 students attend academics 
at any given time with a new class entering 
training every three weeks. This 17-week 
course is followed by three months in the flight 
phase. All students are PCS at Castle for seven 
months after completing Advanced Navigation 
Training at Mather. 

The curriculum consists of 325 hours of 
classroom training plus 138 hours in various 
simulators. The original curriculum was writ- 
ten by the 4235th Strategic Training Squadron 
and is now maintained by 4017th instructors 
and the 93 BMW Instructional Systems 
Development Division. 

Initially, the student learns the basics of mis- 
sion planning and effective use of the computer- 
generated flight plan. Ejection seat and life sup- 
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port systems training is next on the agenda. 
Hands-cn experience in these systems is, of 
course, essential. The preflight, takeoff, and 
high level navigation phases teach basic pro- 
cedures and equipment operation. Students 
learn the theory of INS operation, radar tuning, 
operation of the keyboard and 21 various 
displays on the multi-function monitors. 

As the course progresses, more difficult tasks 
are added as the student trains in both the 
navigator (right) and radar navigator (left) 
seats. High and low level bombing is practiced 
over and over again until the students can do 
it in their sleep. SRAM (Short Range Attack 
Missile) and ALCM (Air Launched Cruise 
Missile) missiles are heavily emphasized as the 
B-52 gradually assumes the role of airborne 
launch platform. The NOAS students are then 
exposed to an array of malfunctions emphasiz- 
ing degraded (partial) weapon systems opera- 
tion. They receive classified training in alert 
procedures, emergency war order tactics and 
contingency weapons. As the end of the course 
approaches, students participate in four trainer 
missions consisting of a complete seven-hour 
flight profile from preflight to landing. 

Celestial navigation is still well and alive, and 
eight additional trainers are used for sharpen- 
ing celestial techniques and skills. 

The central trainer, the Offensive System 
Mission Trainer (OSMT), is identical to the B-52 
navigator station and duplicates all panels, 
displays, and functions from the ejection seat 
forward. This high technology trainer takes full 
advantage of the latest advances in computer 
technology. Although it has no motion or 
sound, it does have an extremely realistic radar 
picture. The instructor operates the console to 
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initiate specific flight tasks and malfunctions 
or to repeat a phase of flight. Instructors 
monitor and critique problems as they occur. 
The students receive 40 missions in this 
trainer. As a result, new B-52 navigators 
demonstrate a greater degree of air sense and 
proficiency when they begin to fly in the flight 
training phase. 

Each of the four OSMTs is capable of flying 
any SAC low level route and simulate any air- 
craft maneuver through the instruments 
available to the student. A monitor at the in- 
structor station controls and displays the 
route. It can also display SIDs (standard instru- 
ment departures) and letdown plates for all SAC 
bases accompanied by a script for required 
briefing items. The weapon load can be varied 
and all nav panels and data can be monitored 
at the instructor’s discretion. It might seem 
similar to flying a multi-million dollar video 
game. 

When the students complete the NOAS 
course, they then have four missions in the full 
motion weapon system trainer (WST) which is 
capable of operating independently or in the in- 
tegrated mode with all six crew members 
present. They then enter the flight line phase 
for 12 training missions and have a final check 
ride in the B-52G. Although the sortie count is 
still being tested, it appears that several sorties 
may be removed from the flying phase as a 
result of the improved state-of-the-art training 
devices. 


TRAVEL TEAM 

Fifteen instructors are dedicated OAS travel 
team members. They teach the conversion 
course at all B-52 bases involved in the ASQ-38 
to OAS upgrade. These instructors move 
around quite a bit, spending up to three months 
on a typical TDY. 

The team teaches mission-ready B-52 crew 
members how to operate the new system. This 
“‘in-unit’’ educational effort consists of 15 
training days for the navigator and radar 
navigator plus 14 trainer missions and 4 flight 
missions. 

Besides teaching academics, the travel team 
plays a key role in the planning process for OAS 
modified aircraft which includes both aircraft 
delivery and acceptance flights. The OAS travel 
team provided the critical training which 
enabled Griffiss AFB to transition to initial 
operational capability with the ALCM. Since 
then, seven more bomb wings have undergone 





the OAS conversion process. 

Following TDY completion, travel team 
members rotate back to Castle AFB and teach 
in either the OAS course or Castle’s in-residence 
Difference OAS Course (DOAS). The DOAS pro- 
vides training for navigator upgrade, re- 
qualification training, and ASQ-38-to-OAS dif- 
ference training for Castle’s own conversion 
effort. 


RTU 

To maintain SAC’s contingency taskings, 
several instructors teach ASQ-38 systems and 
contingency operations if the need arises for a 
Replacement Training Unit (RTU). This pro- 
gram also includes a different course for OAS 
qualified radar navigators and navigators with 
no prior ASQ-38 experience. 


STAFF COURSE 

A new OAS staff officer course prepares head- 
quarters, numbered air force or unit officers to 
serve in middle management navigator staff 
positions. It addresses technical navigation, 
bombing, and missile techniques and then ad- 
dresses planning and operational aspects of the 
OAS-modified B-52. Graduates can more effec- 
tively use Air Force assets and shorten their 
transition to staff duties. 

All 4017 CCTS instructors are fully-qualified, 
operational B-52 radar navigators and often 
perform as flight line instructors in the flying 
phase of OAS training/upgrade. Most have ex- 
tensive experience in Stan/Eval or training 
flights and they average approximately 2,500 
flying hours per instructor in the B-52. The in- 
structors alternate to the DOAS travel team 
which provides considerable cross-feed infor- 
mation and keeps them current. 

This consolidated training is producing a 
greater quality force and navigators who are 
much more familiar with the aircraft equip- 
ment and its use. In addition, the navigators are 
attaining proficiency in fewer sorties. <- 


A graduate of Eastern New Mex- 
ico University, Maj Price was 
commissioned via OTS in 1973. 
He then completed UNT and 
NBT before assignment to Fair- 
child AFB. In 1979, he obtained 
his master’s degree in Manage- 
ment from Gonzaga University. 
Since 1980, Maj Price has 
served at Castle AFB. 
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An MB-4 Rendezvous Solution 


= 
“a 


Capt Ellen C. ERNST 
452 FTS/CCE 
Mather AFB, CA 


_ quest of the tanker navigator is the 
never-ending search for a _ perfect 
rendezvous—every time. The more adverse the 
conditions, the stronger the desire to effect that 
flawless join-up. This is the stuff of which 
ulcers are made. 

The key to a good point parallel rendezvous 
is understanding what is happening to both 
tanker and receiver relative to one another. To 
do this you must visualize the horizontal posi- 
tion/situation and make accurate, timely cor- 
rections based on this picture. 

Understanding the changing relationship be- 
tween the aircraft is fairly simple (or occa- 
sionally perplexing). The relationship can be 
described mathematically, but the rendezvous 
solution is covered in-depth in tanker/receiver 
rendezvous procedures. When everything runs 
by the book and all procedures are closely 
followed (by both tanker and receiver), the 
rendezvous is perfect. But, when things don’t 
go as planned (e.g., equipment failure, AR track 
change, or the receiver/tanker is in the wrong 
place at the wrong time) it falls on you, the 
navigator, to use all your skill to avoid the fuel 
and time wasting over/underrun. 

While procedurally using the INS and Air-to- 
Air (A/A) TACAN as primary rendezvous aids, 
you should always have back-up plans ready. 
Besides hacking a watch when the receiver calls 
IP inbound and setting up the radar for beacon 
or skin paint, you should always use the much- 
maligned ADF. Although an ADF check is no 
longer procedurally required, it is a great 
method to determine the actual offset of the 
receiver. The problem with finding the offset 
with an ADF bearing and A/A DME is that once 
you have the information, the offset is still dif- 
ficult to visualize without using charts (the 1 
in 60 rule is difficult to use at 3942 DME). 





Some charts are set up for a specific air 
refueling (AR) track. However, if the track 
changes once you’re airborne, you may not 
have time to construct a new chart. If you use 
a universal chart (one with the number of 
degrees off the heading), you have to compute 
drift corrections while trying to give yourself 
a mental picture of the receiver's relative posi- 
tion, left or right. Under the stress of a 
deteriorating rendezvous, there is little room 
for mistakes. 

For me, the easiest way to minimize these 
mistakes is to have a clear picture of the rendez- 
vous. After experimenting for awhile, I found 
a pictorial solution on a handmade compass 
wheel. I later discovered that this solution 
works on the wind face of the MB-4 computer, 
a tool every navigator has. 

So, how can we use ADF and range informa- 
tion to give ourselves a picture of what’s going 
on? By using the MB-4 and a felt-tipped pen, 
you can acquire a wealth of information very 
quickly. First, you can see if the receiver is 
right or left of track. Then you can determine 
the actual offset and correct it before you reach 
the turn range. Finally, you will have the for- 
ward range-to-turn calculated so you know at 
exactly what DME (radar range) to start your 
turn to roll out in front of the receiver. This will 
work even if the offset is grossly displaced, left 
or right. Let’s see how it works using a turn 
range/offset of 20/9. 

Step 1: Determine Magnetic Course (TC + VAR 
= MC) of the tanker heading toward the 
receiver (outbound leg of orbit). Next, set the 
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Figure 2 


MC under the True Index of the MB-4 wind face. 
In this example, the MC = 270° (Fig 1). 

Step 2: Place the grommet on the base line for 
the and mark a straight line from the grom- 
met to the bottom of the compass rose (opposite 
MC) (Fig 1). 





























Step 3: Mark off 10 nm increments on the 
sertidhet line. I use 2 squares for 10 nm for most 
rendezvous. For C-130 and A-10, I use 4 
squares for 10 nm when inside 45 DME. These 
10 nm increments represent your separation 
from the receiver. Whichever scale you decide 
to use, the scale must be the same for both the 
X and Y axes. 

Step 4: As soon as you get an A/A lock-on and 
you are within the range you set on your MB-4, 
call for an ADF check. Do this early in the 
rendezvous, because if the ADF isn’t working, 








you don’t want to find it out once things get Normal rendezvous 

busy. 

Step 5: In this example, we get an ADF bearing 

at 60 DME. The pilot reads 260°. Place 260° That example was fairly easy and the rendez- 
under the True Index and read the offset at the vous probably would have gone well without 


60 nm (DME) tic mark (Fig 2). When the DME corrections on the MB-4. Let’s look at an ulcer- 
line is displaced to the left, your receiver is producing one. The turn range and offset is still 
displaced to your left (Fig 2a). In this case, the 20/9, MC = 270°. The receiver gives you a UHF 
receiver is offset 10 nm to your left. Since you holddown without talking at 60 nm and the 
want a 9 nm offset, you can make your correc- pilot gives you a reading of 290° off his ADF. 
tion now using the one in 60 rule, or using your With the set up on the MB-4 (Fig 3), you can im- 
INS. Crosscheck your correction with another mediately see the receiver is offset 20 nm to the 
ADF bearing at 45 or 30 DME. right! This means he’s 29 nm from where he 
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Figure 3b 
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should be (Fig 3a). Is this possible? Go ahead 
and double check your ADF. The receiver is still 
to the right (Fig 3a). 


Figure 3 


9 nm 20 nm 











29 nm 
Figure 3a ae rs 
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Correction to the right to complete rendezvous 


You haven’t time to perform a normal 
textbook rendezvous. Using your INS, set 
up 20 nm right of track, still giving you a 9 nm 
offset with the receiver. Make a fairly large turn 
to get into position quickly, then return to the 
correct track. Then turn right at the proper 
turn range. Remember to get an extended 
clearance before you fly out of your assigned 
airspace. 

If you find your receiver is offset 20 nm right 
and it’s too late to make any corrections, you 
can apply Captain Martin Dutilly’s chart solu- 
tion on the MB-4 computer (see THE 
NAVIGATOR magazine, Summer ‘83). By using 
the Pythagorean theorem, Captain Dutilly 
showed that regardless of your actual offset, 
you must turn at the computed forward range 
to avoid an overrun. So, if you’re offset 20 nm 
from your receiver and the turn range is 20 nm, 
the point in space where you reach 20 nm is 
Receiver offset to the right when you are abeam one another. If you use the 








SPRING 1985 








26 


Figure 4 
FWD RANGE 

13/2 12.8 19/7 17.7 22/11 19.1 
14/3 13.7 19/8 17.2 22/12 18.4 
14/4 13.4 19/9 16.7 23/9 21.2 
15/4 14.5 20/6 19.1 23/10 20.7 
16/4 15.5 20/7 18.7 23/11 20.2 
16/5 15.1 20/8 18.3 23/12 19.6 
17/4 16.5 20/9 17.9 24/10 21.8 
17/5 16.2 20/10 17.3 24/11 21.3 
17/6 15.9 21/7 19.8 24/12 20.8 
17/7 15.5 21/8 19.4 24/13 20.2 
18/15 17.3 21/9 19.0 25/12 21.9 
18/6 17.0 21/10 18.4 25/13 21.4 
18/7 16.6 21/11 17.9 26/13 22.5 
18/8 16.1 22/8 20.5 26/14 21.9 
19/5 18.3 22/9 20.1 27/13 23.7 
19/6 18.0 22/10 19.6 27/14 23.1 


28/15 23.6 


chart (Fig 4) Captain Dutilly developed, you can 
find the A/A turn range you need based on your 
actual offset. This can be illustrated in the 
MB-4 (Fig 5). With a 20/9 turn range/offset, the 
computed forward range is 17.9 nm. Mark a 
line at 17.9 nm on the metal grid (not on the 
plastic). Your MC is still 270° and your pilot 
reads 290° on the ADF. Rotate the MC/DME line 
until it intersects the 20 nm right offset and the 
17.9 turn range (Fig 5). At the intersection, read 
the distance on the MC/DME line. This is the 
DME where you need to start your turn to roll 
out in front of the receiver. In this example, you 
read 27 DME off the MC/DME line (Fig 5a). 











Figure 5a 





Forward Range 
17.9 nm 
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Turning to roll out in front of receiver, regardiess of offset 


This may seem a little cenfusing, but if you 
have difficulty visualizing what’s happening 
during a rendezvous, try using your MB-4 a cou- 
ple of times to see what kind of a picture it gives 
you. When you make a large correction and 
take another ADF check to monitor progress, 
keep the original Mag Course on the computer 
or you will be measuring different information. 

Remember, the key to a good point parallel 
rendezvous is understanding your procedures, 
visualizing your situation and using techniques 
that work for you. I think the MB-4 is worth 
trying—what have you to lose? 


A graduate of Carnegie-Melion 
University, Capt Ernst entered 
the Air Force via OTS. She was 
initially assigned as a civil 
engineer at McChord AFB. After 
UNT in 1981, she was assigned 
to the KC-135A at Loring AFB. 
Capt Ernst now serves at Mather 
AFB. 
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The Air Almanac 


is a Must 
in Night Celestial 


Preparation 


Major John A. CARLSEN 
93 BMW/DOF 
Castile AFB, CA 


Captain Michael R. FILLER 
Space Command/DO 
Peterson AFB, CO 


f you've ever experienced difficulty in resolv- 

ing celestial positions at night or needed a 
quick back-up, these three suggestions may 
help you. As instructors at SAC’s Instructor 
School, we often focus on celestial problems 
that cause navigators difficulty. 


1. DON’T LET THE MOON SURPRISE YOU 


Any of you who have cranked in the informa- 
tion to shoot one of your favorite stars and 
found Mr. Moon smiling into your sextant will 
appreciate the first tip. In the Air Almanac, p. 
A76, you'll find the Moonlight Interference 
Diagram. The beauty of this diagram is that it’s 
presented in ‘‘clear text.’’ By entering the table 
from the left margin, you can quickly locate the 
month. Proceeding horizontally to the right, 
you can also find the date. The phases of the 
moon are shown from the first day of the month 
on the left border to the last day on the right. 
If a dotted line representing the path of a star 
passes near or behind the path of the moon, 
that star will be unavailable for observation. 


For example,-enter the Moonlight In- 
terference Diagram for November 17, 1984 (Fig 
1). Regulus will be behind the moon, and ob- 
viously impossible to observe. You can see that 
this is a very useful fact to know before you do 
a precomp for Regulus. 


Figure 1 
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MOONLIGHT INTERFERENCE DIAGRAM 


A few moments spent with this diagram dur- 
ing mission planning will pay high dividends, 
and save you from precomping stars obscured 
by the moon. 


2. DON’T CONFUSE STARS AND PLANETS 


If you’ve ever obtained an observation from 
a “good star’’ but were unable to resolve a good 
LOP, you may have shot a planet close to the 
star. This can be extremely frustrating because 
the precomp can be perfect and the observation 
can seem valid. On the bottom of page A79 in 
the Air Almanac, you will find what we call the 
Planet Confusion Diagram (Fig 2). We can’t find 
an official name for this jewel, but it’s very 
helpful and easy to use. The Planet Confusion 
Diagram lists which stars and planets are in 
close proximity during specific dates. 

Referring to this diagram, we ccn see that 
Pollux and Venus are in the same field of view 
between July 3 and July 15. We can also see 
that Venus may be mistaken for Antares from 
October 20 until November 4. If you use these 
stars during the times they are close to a planet, 
you must be extremely careful. 





Figure 2 
Example Mul 
Star Planet Approximate dates T 1 N. 25° 
Nunki Jupiter July 1-December 31 ee Aries 350 “—e 
Pollux Venus July 3-July 15 ee 
Regulus Venus July 31-August 15 
Antares Mars August 17-September 15 Star Planet roximate dates 


Spica 
Nunki 











Venus September 13-September 28 
Mars October g-November 4 


Antares Venus 


3. HAVE A BACK-UP 


At one time or another, we've all had one of 
our primary plans fall apart during night 
celestial. We believe our best ally is Polaris. 
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t 20-November 4 
Nunki Venus November 16-December 2 
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POLARIS (POLE STAR) TABLE, 1984 A103 

FOR DETERMINING THE LATITUDE FROM A SEXTANT ALTITUDE 
LHAT e LHA.T @ LHA.T e LHA.T e LHAT e LHA.T e LHAT 6 LHA.T e 
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puting the exact LHA for Ariesandenteringthe = 5-8) ie -%/ tmnt }/isu 22 |aem 78l ante ol nee 2) ane 2 
Azimuth of Polaris chart on page Al03 of the = 3m -£/ 86 -2| int 8) in 12 | ero tf) es 2S] tee | aes 2 
Air Almanac (Fig. 3). By comparing the ZNs at) s&s -¢ anf tm ao * $i ie +i/ 20 Se] me 118/38 5s | ee 
the beginning and end of the navigation leg, you ~45| 00 sr ~39| ian an + 7] er on $28] anon *2'] aor co *!] en or 8) ge Al 
can accurately estimate the an srg Ss = =3 = mets 3 “ 258 32 “ of vs ms -n 3 3 
time. Note the sentence at the bottom of this #" “{)me-i)urutt)ma 1 a st | me me + | me 8) ue 
chart. You can visually compute the ZN of = * “S| 2 <2/ me fi) me Yh) me fy) mew tlw 2) weg 
Polaris by simply locating the Chair of — %% -%|8 “io) wm Teme TG | mee To) one fo) am 8) ws —8 
-35 9 +11 +43 +21 +1 aT. ~6 
Cassiopeia. If the chair is to the left of Polaris, = 3 -™ | ii) —$| tem *8/ime “| mie (mea ols 8) Saw 
the ZN of Polaris is very close to 359°.Converse- 2% -2| MG - 6) a) men Ye) mae tile 2”) mee 8) ea 8 
sa 2z ~*"| 118 05 ~ *| 149 55 *2*| 203 20 *47| o76 26 +2] 00 24 ~ 3 sar oo | 66 38 —*! 


ly, if the chair is right, the ZN is 001°. 


AZIMUTH POLARIS ) which does not include ion, is to be ‘ . 
ow W refraction, is applied to the corrected sextant altitude of Polaris. 


Polaris: Mag. 2-1, S.H.A 326°09, Dec. N. 89°11-7 























se Latitude ‘nih Latitude POLARIS (POLE STAR) TABLE, 1984 
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When Cassiopeia is left (right), Polaris is west (east). 


AZIMUTH OF POLARIS DIAGRAM 


An LOP can be obtained easily from the obser- 
vation of Polaris. We prefer the Latitude by 
Polaris method. This method quickly and effi- 
ciently provides a back-up LOP if you need one. 
The exact LHA of Aries is computed using the 
GHA of Aries and your exact longitude. Enter- 
ing the upper table on page A103 using the ex- 
act LHA of Aries, you can determine the ‘‘Q”’ 
correction (Fig 4). You probably recall that we 
apply the ‘‘Q”’ correction to the height shot (HS) 
to compensate for the fact that Polaris is not 
exactly over the geographic north pole. 

Refraction is computed and applied to Polaris 
the same as to any other celestial body. 
Students often ask if Coriolis/rhumbt line cor- 
rection need be applied when using Latitude 
by Polaris. Yes! Remember, this correction com- 
pensates for the error induced on the sextant’s 
bubble by the rotation of the earth. So any time 
you shoot a body with a periscopic sextant, you 
must apply the necessary Coriolis/rhumb line 
corrections. (Editor’s Note: See ‘‘A New Twist 
to Rhumb Line,”’ this issue.) 


let it happen to you. 
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TWIST to rhumb line 
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n aircraft flies a rhumb line course when 
irected by a compass in Mag Slaved mode 
and during celestial shots. This curved path 
induces sextant bubble deflection. To compen- 
sate for this deflection, celestial navigators 
adjust their LOPs with rhumb line corrections 
from the available tables. Entering arguments 
for these tables are true course, groundspeed, 
and latitude. Many navigators use hand-held 
computers for cel computations and 
corrections—including rhumb line. The rhumb 
line programs used by computers (including 
SAC and MAC celestial training devices) are 
based on the same formula used to construct 
the tables. 

The computer programs and tables are wrong 
as well as the rhumb line formula in AFM 
51-40, p.23-3. Current rhumb line corrections 
are wrong by less than four nautical miles in 
most cases—but the error is avoidable. 
Although the correct rhumb line formula is too 
complicated to be transferred into a 
manageable table, computers can handle it easi- 
ly. The last several paragraphs of this article 
(where the funny looking numbers start) are in- 
tended for computer purists. Others can gain 
a more accurate rhumb line correction from 


current tables by merely using a different 
entering argument—mag course instead of true 
course. 


CLASSIC RHUMB LINE PICTORIAL 


Rhumb line acceleration increases with 
latitude. 





REFERENCE 

















Rhumb line acceleration is maximum when 
tracking perpendicular to the pole; zero when 
tracking directly toward or away from the pole. 
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POLAR VIEW OF CONSTANT MAG COURSE AN ARGUMENT FOR MAGNETIC COURSE 
090° 


Figure 5 
Figure 3 = 









TRUE NORTH POLE 
TRUE NORTH POLE 


+ _ — 
ses POLE 
A Ree 


An aircraft (A) with a MC of 000°, tracking 
directly to the Mag North Pole, will fly a great 
circle route. At position (A), with a true course 
of 090°, the aircraft will experience no rhumb 
line acceleration. 








An aircraft flying a constant mag course of 
090° will fly an approximate circle around the 
Magnetic North Pole. This circle of flight con- 
stantly deflects the sextant bubble because of 


rhumb line acceleration. CONCLUSIONS 


When an aircraft is flying in Mag Slaved 
mode, maximum rhumb line acceleration error 
occurs on a mag course of 090° or 270°. There 

AN ARGUMENT AGAINST TRUE COURSE is no rhumb line acceleration on a mag course 
of 180° or 000°. Rhumb line acceleration is 
determined by mag course, rather than true 
course. 
_ Perturbations in the geoid surface of the 
earth (mass and gravitational anomalies) and 
flux in the earth’s magnetic field induce slight 
variations so that mag course only approx- 
imates the entering argument for rhumb line; 
but in no case should true course be used. The 
error caused by the use of true course will be 
equal to entering the tables with a track in er- 
ror by an amount equal to variation. 


Figure 4 


TRUE NORTH POLE _-> 
; — et 


MAGNETIC NORTH POLE 


AN ARGUMENT FOR MAGNETIC LATITUDE 


Given that rhumb line acceleration is deter- 
mined by mag course, magnetic latitude must 

\ be included in formulating rhumb line correc- 
tion. Because the Mag North Pole and True 
North Pole are separated by approximately 832 
An aircraft on a constant MC of 090° has con- nm, the rhumb line effect in Mag Slaved mode 
tinuous rhumb line acceleration even though it at the True North Pole would be equivalent to 
may be on a TC of 180° (A) or 000° (B). being at a magnetic latitude of 76°08’. 
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MAGNETIC —_ 
EQUATOR 


Figure 6 


MAGNETIC NORTH POLE 
TRUE NORTH POLE 





TRUE Cas 


EQUATOR 


An aircraft at (A) on a point of the true 
equator due true south of the Mag North Pole 
would experience a rhumb line acceleration 
equivalent to being at a magnetic latitude of 
13°52’. 


CONCLUSIONS 

Current USAF rhumb line/Coriolis correction 
tables are in error by a maximum of 13°52’ 
latitude and an amount of track equal to varia- 
tion. Because Coriolis/rhumb line tables yield 
a combined correction and Coriolis is a function 
solely of true latitude (and, of course, ground- 
speed) current tables cannot be used with 
magnetic latitudes. Entering the tables with 
mag course rather than true course, however, 
eliminates much of the error and yields a more 
accurate correction value. 

Rhumb line/Coriolis is merely an ant in the 
celestial jungle. The elephants continue to be 
accurate collimation, good pacing, and math er- 
rors. The ants deserve to be considered and 
studied, but not at the expense of ignoring the 
elephants. Consistently good celestial not only 
requires attention to detail, but lots of practice. 

The remaining paragraphs are for computer 
purists. Others can exit this article now and not 
miss a thing. Hopefully, this article has given 
you a better understanding of rhumb line and 
convinced you to use mag course next time you 
extract a rhumb line/Coriolis correction. Good 
shooting! 

Your computer can determine mag lat (mL) by 
transferring the following formula into pro- 
gramming logic: 

mL = sin! [(sin L * 76.13) + (cos L * cos 
76.13 * cos 100 —W Longitude)] 
+E 


where: L = aircraft Latitude 
Longitude = aircraft Longitude 


* U.S. GOVERNMENT PRINTING OFFICE 1985-587-037/10002 


832 nm 
(13 °52") 


Heavy computer types will notice that the for- 
mula looks suspiciously like the HC formula 
your computer already uses. It is. The mL for- 
mula solves for HC from the Mag North Pole to 
gain mag lat. The Mag North Pole is at 
76° —O8'N (therefore 76.13 used for Dec) and 
100°W (therefore 100 + Longitude used for 
LHA). The quantities (sin 76.13) and (cos 76.13) 
can both be simplified to constants. 


The entire rhumb line correction formula now 
looks like this: 
RL = 0.146 * / GS ¥* * sin MC * tan mL 
100 
= aircraft groundspeed in knots 
MC = mag course 


The formula for Coriolis (C) is: 
C = 2.625 *GS * sin L 


100 





If you wish to plot your LOPs from an uncor- 
rected assumed position and adjust your in- 
tercepts instead, the following formula will do 
the trick: 

HC -({(C + RL) * (sin Zn — TC)] = HCa 


where: HC = height computed 
Zn = celestial body Zn 
TC = aircraft true course 
HCa = height computed adjusted for 


rhumb line/Coriolis 
HCa is then compared to HO for the plotted 
intercept. 


Most computer types get more of a thrill from 
the challenge of programming than from pro- 
gram use; however, a BASIC subroutine is 
available through THE NAVIGATOR that may 
be useful for hand-held programmables. Good 
hacking! =< 
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ty at Mather AFB. Maj Sieverding 
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